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FOREWORD 



The information presented in this document is based on data and models 
considered to be accurate. However, in those design applications which indi- 
cate a critical environment interface the user should consult an environmental 
specialist to insure application of the most current information and scientific 
engineering interpretation. 


Various programs of NASA’s Office of Space Flight, Office of Aero- 
nautics and Space Technology, Office of Applications, and Office of Space 
Science provided resources required for the preparation of this document. 
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should exist between the design/operational engineer and the respective organiza- 
tion’s environment scientists. Although a space vehicle design should accommo- 
date all expected operational environment conditions, it is neither economically 
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primarily for use in NASA space vehicle development and advanced study projects. 
The data contained in this document are reviewed on a continuing basis, and 
revision or amendments will be published as necessary. The numbers given in 
brackets refer to references given at the end of each section. 
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a charge transfer to or from the body will occur. This mechanism of charge 
transfer can be classified as either charge collection or charge emission. T 



13 percent alpha particles ( 


(in approximate cosmic abundance) 
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Solar High Energy Particle Radiation 



Maximum dosage with shielding of 5 g/cm^ (equivalent thickness) : 

~ 200 rad per week (three flares) , skin dose at a point detector. 


This radiation environment applies for a solar distance of 1. 0 
AU. Since the dispersion processes acting upon this environmental parameter 
have not yet been defined, an accurate description of the radiation environment 
for solar distances of 0. 5 and 1. 75 AU cannot be provided. A rough estimate 
may be to scale by R“2 for implied spatial continuity. 




J(>P) = particles /cm*- flare having rigidity greater than P. 



For protons and alpha particles. 
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Radiation Properties of the Sun (Therm4 




J 




*> 

I 

rH 


W 

^ ft! 

|s 

O a* 


E-i ^ 

^ O 

H C 

9^ 

OT nrt ^ 

^9 1“ 

§a = 

H 

W pr; p^ 

O w w 

^ ptl A 

5 c§ 

Sgi 

►I Eh <! 

<s5 

gS“ 

g « P 

£S3m 


2 c 

o 

. o .ii 

V "q, flj ^p* 

^ 4) ^ 

^ £{i: 5 ^ 

2 < ^ ^ 

fc. ™ ^ 


I 4^ 5 I 

‘ c 3 B 

' O ^ 3 

I ^ a Q. ^ 

; v« w jh o) 

<U O O 'r« 

i *» C « c 

< £ ^ ^ 
<< ^ 


C o c c 

^ t 


I oooooooooo 
oooooooooo 


oooooooooo 

oooooooooo 


o o o o o o o’ O o o o o o o' o’ o o* o’ o’ o’ 


OOOOOf^)(MLT)fv]T^ 

OOOOOO-H(M'^s0 
o o d o’ o’ o’ o’ o’ o* o’ 


(Miri»*<a'<T'Oornoo»n 

CT'fNjvO crmoo-rTvOOLT) 


cnO'i/^iNjtnifJvOfvjO''^ 

OrfCT'Tj<(T'inp0Of^un 


♦'-‘{NjpvjrocoT^Tf u^ininvDvof^’oodo'O *-* 


ooo^^ooo'r^>£>rfr>j 

locr^oor^ 


■< C4 CO ^ LT> >0 vO r- 00 


|||iiilili iiliiiiiii iiiiisSS?^ ss;^2:s::fi;?ss ss2p?s^«sjs:2 

§§§§§§§§§§ §§§§§gg§°g iiliiiiiii iiiiggilgg sssssssssB 

00000.0000 oo-do-ooo-oo-o O-O-O-O-O-O-O-S-:-:- SSSididddS idSSdSdodd SSSiSSSSSS 


ooooooo'-tfnr'- 

oooooooooo 

oooooooooo 

oooooooooo 

oooooooooo 

oooooooooo 


r-c»r'-r'-oooO(Njin^NO 

000000-«»-*<MfM 

oooooooooo 

oooooooooo 

oooooooooo 

oooooooooo 


oooooooooo oooooooooo 


comNOiAsOfN.O'^— 

(vjpom»nxot^mooxj<Qo 

OOOOOnOOOOOnvO 

ooooosOo^CTNQor^ 

OOOOOO-nnjCOrf 

oooooooooo 


CO CT* nO nO O fN- vO fN- m !>• 

^roc'moo(\joomf'-o 
OcooOvOOon— (QOcom 
(MmO'^r~^f\)<\joun 

vor»- ooooooo'CT'O'O^o 
oooo ooooo^ 


oooooooooo oooooooooo 


ooso<^ooi^Tj*-d*^f»io 
or^i^r-oor-NOr-oo cooNOcnom^vn^iS 
t^'^ONOflOCOO'r-cr'N-* 

S S o ^ ^ ^ ^ CM r- O' ^ ^ r4 u>>OnO 

' 0 »A«nfN-«(yNONOQXON 


OOOOOOOOOO 


oooddddddd 


1 00 cn nO o 00 
- (n (sj 

soO'^rviTfor-r' 
^OOOOO^PJnO 

>00000000 
>00000000 
>00000000 
>00000000 
> 00000 ood 


00 c. DO 
o o c -D o 
o O O V o 


rn^inmoo t^mrN-r-rnoor-Ofnrvi 
222'^'^ ^NOOCrNvOro-WoO 
'£>r^ooocnNoaN<^NOo 

OOOOO OOO-^^— i«^fV}pgc»-) 

22222 <^000000000 

*^^CDOO OOOOOOOOOO 


ooooododdd 


M3inooNoincDrjrrifn 
2222!^"' or-mh-inor-NoS 

■^ON-rfOin*— «vD— itN-rO O' O '-‘D — « CO OD < 

22222'^"°'"^°° coonoo^-h(v,;^5u^ 

oooooooooo rNQ — ^ ,^_., i.2., 

2 2 2 2 2 2 2 2 2 2 cd <=> o o o o o o o o 
ooddoooodo oooooooooo 


CO >0 <M o 
M’ fN- o r- 
o 00 r- m 
vD v£) fN- 00 


3 Ft in <NJ O O 

“ O 00 O CO sO 00 

t cn Tj* IT) in m m 
3 CjN o »-> {\i on 'll* 
CV4 nj (V (\j 

>000000 
> o o' o' o o’ o' 


o cn r- cn m in ^ 
'“•oorjNOnjr-r'-ONin 
ooooo^rvjOfNjr- 
0000000 — 'cMUt 

OOOOOOOOOO 

oooooooooo 


o jN- cn o cn Tf 

TfvOO'cncgO'itom(\j 

vOvOmor~r~omoocn 

000000 — 

oooooooooo 


o o o o’ d d d o’ d d o’ d d o’ d o’ 0 * o’ o’ 0 * 


-T^^njinrsiN^^-^fcnoN^Q 

orsj— toooo'^ooosom 
cvj<Mm*j*inm\o>£>r^oo 
oooooooooo 


inoN— ««;t*o^fnfnoO(Nj— ' 
r-incor^NOO'oO'^cnoo 

O'OOOOOOO-H— « 


o o o o o o o o’ 0 * d d d d d d d d d d d 


22222 ‘“•'^'^’'•“^CMCMCMcMCNf 


0000000 odd 


000000 oddd 


oooooooooo 

(M'^invor^oooo— <(M 


inomoinoinomo 

(Mcncn^f Tt*inm>ONOr^ 


oooooooooo oddododdod 


tnoifiomomoino 
r^ooooCT'ONOo— «^ro 
(M (M fvj (M (\i cn f-t cn I't m 

oooodddddd 


inomoinoinomo 

tMcncn*;j<T^LntnsDNOf- 
m m m cn cn ct m cn cn cn 
ooooooddod 


2222“''^‘^'=’‘^<=> momo«.om< 
i^oocoo'ONOo — -i(Nj fsj^in^^inm^ 

2222222'^^'^ 


oooooooooo 


o o o O O O O ( 



TABLE 1-2. (Continued) 


hi V - 
rt C 

o°s?!: 

y- hi a: c 
V- g < *7 /< 

m C « 

(V r* 

.2 a h L 

Z.^ u 
T3 £ C O 
g rt i; c x: 
CL c: < j; CO 


— «O'^t~CT'OOC^‘^0C 
>Ou^rO-^C'XvOm'-^« 

OO— 


Hc'l I 

"S O a r_<si 
« g S S 'S 
P S ^ 

'3 C 

CO 


_ CO ^ 


c h. g U ^ 


- o 


O « S 

2.S =*• 

‘-SB 

fl J; o 
*0 •-• 

to o 


r^r^t^^otr\T}*r^— ^ox 
r-<f\jmrr«-f'‘«£;r^xo^CT' 
rvj INI r>J N f^] rvj r^l fM c4 fvJ 
COCOOOOOOC 
oooooocooo 


xmiTiror^NfsOoiriLn 
f<N <NJ •— I vO r^ ^ 'D sO X 

u'-i tn C' 'C3 — 

vO sO r<^ ro O' -vO (NJ X X 

oc'Xxxr-r-r-vCX 


oooooooooo 


'XcotNj-^r- 

or^rf(N)or-'»}* 0 'rvjx 

XXXXXXvr. 

xxr-X0'O-^(Mxi«’ 

{Niroroojrocnxxcox 

OOOOOOOOOO 

d o o* o* d d o d d o* 


tfTfsOOOrvJOCOf^*^ 

Ttr-r-xvOTffNjXfOfn 

OOC'O^CT'^O^XX® 

OOOOOOOOOO 


inoLnoxoxoxo 

r-XXCT'O'OO-^^Csl 

d d d d d d d d d d 


lTI r~* ^ o tNj rO X X 

sOTf-^cr'voroor^-*^**^ 

docddd-^fsjrvjfO'4' 

r 0 r 4 (NJ(Nl<^xr*NXXr*> 


•^O^cO-^vnXXrOXO 
— iXO— •— •OCT'C^'^Nt 
r- X m oj o X tri X — < CT' 
0'-^(MXTj*-r'C^xr~r- 
xxxxxxxxxx 
OOOOOOOOOO 

dooooooooo 


xoxr^r-xxTj’rvjNT 

OO'Xr-'^'^oof^'O 

0 ' 0 'r^CT'< 7 'rsjr-tr»''to 

O'xxf^oxr-,xxr- 

sOXsOXXxiTixur>x 


oooooooooo 


o <M r- r~ M 

m X o CJ' X 
(N) — O O' X 
in sO r- X 

X X X X X 

o o o o o 

d d d d d 


—« X X vO •-* 
X -H X 
fN- X X — • 
CT' O <N) X 
X 

o o o o o 

d d d d d 


nJMXX'^xoxxpq 

X'<|'-<XX(V3<VJ00'-- 

xxxr^r-r-r^xr^r^ 


oooooooooo 


xoxoxoxoxo 

(MxxrT'^xinxxr^ 

xxxxxxxinxx 

dooooooooo 


r~r-xxxr^xfvjxo 

xxnioxxof^ox 

^lr^xx^-XO(3''•^csJ 

XXXXXXXX'^*^ 


crX'-''~*f'JXrsi<Nl<MX 
(N)— lOXX— •r-rOCT'NT 

r-*rixoxxx«— <xo 
xcro—''—(N3x-<txr- 

X X ■'j' ■*4' 'Cj* ^ •«f T^ tJ* 

oooooooooo 

dooooooooo 


XCT'-'i’X-^’TtOorjo 
(vjX'OXi— «Tj*oor~r- 
r-xooxx-^oox 

r~r-r-XT}<rsi'— 'Oxx 

xmxxxxxxi^*'t 


oooooooooo 


xr-Tj<r-fsjO't^xx 

MX-i'CT'-^r-onj'^ 

oxr~x«^tNi—*a'X 

ooooooooo 

ddddddddd 


rj 

X 

X 

X 

o 

d 


O X rvj o fM r~- X nJ O 
..^p^^oxx-^xoi^ 
n£> \jo vo no 'O x 


oooooooooo 


XOXOXOXOOO 
r^xxo'ooo'-'rox 
XXX X X X X X X X 

dddddddooo 


X'^tMX — X— 
xopo-'^r^o— •<M'«rx 
X'«tdrCo6o'— <<N3x^ 

■^^Tj*Tj*^\j»xxtnx 


00 'Tf o o 

X <\J fM o 

^}* o X r- — « 

X (M 

Tfi Tf X X X 

o o o o o 

o o o o o 


ox X tM 
X X fsl X 
••4* r- o X X 

X X X CT' O 

X X X X X 

o o o o o 

o o o o o 


CT'r-x0’~*r~'T0xx 

O'^roo^oxx'^x 

csixxopsjxXrMXO 

T4<(\j>-«or^''f-^OX'^ 

’^•^Nf-^xxxnjfMcNj 


oooooooooo 


or-xxXfMOO'-rxx 

aj-^'^xrM'^cMoo^'^ 

X(Nir--^xo-'4<r^^'^ 

’«4«xr^<7'OfNjX'^xr^ 

XX xxxxxxxx 
oooooooooo 

ddddddddoo 


.^..-ixxr'XO'tNro 
Tj*— «xxrsJOX-«t— 'O 
XXrt»tf^TfXXXM 


OOOOOOOOOO 


oooooooooo 

T}«xxr^xoO'-*fMX 

xxxxxxr^t^t^r^ 

oooooooooo 


(vjcT'XXX^r^oCT'X 

xx^r^xxorjxx 

XX'-'XO^fMXi^XX 

xxxxx^-r^xxx 


xCT'Oxo*-<o^r^X'^ 

X rg ^ xj* psi o r- **> 

X*-«XXXXf^XXO“ 
X (T' CT' O' O' O' O' O' O' 


X’-'xxt'-xocgxx 

t'-XXXXOO'XXX 

t'>0'(sjooo'xr— 

— ((Njxxr-o^o-g-x 
xxxc'-r-xxo'O'O' 
oooooooooo 


OXO'—'xl* 
X O' X X X 
X X r" X o 
00 X X 

O' o o o o 

O r-^ -H 


r~ r~ X eg X 
X eg X X 
o O O' X X 

r- X X O' o 
o o o o ^ 



'OOOOOOOOO 


O O O O O O O 


O O o 


xorgoo'i-oxxo 

xx'^oo'^xrgxo 

—<r-^ooxf'*0'xo 

<-«xxxor-'-«xxx 

X— '00'xr-r"Xi4‘x 
.-H—i— lOOOOOOO 

ddddoooooo 


OX*~*XXXO'XXX 
Tj'xxrgeopgoxo'x 
rgx'4*TfX-^xxxx 
rgt'-xo'xo O' X ['- X 
orgM^*~*ooooo 
oooooooooo 
ddddddoooo 


oxxoxxxxxx 

O'XO'xrgxxt'-xx 

xo't'-or'-oO'XO't 

XO'X-H xoxoxo 
xxr^xxo'O'OO— ' 
o o o 0*0 o o 
dddddddooo 


■'oxxoxoxox 
ixx— <ro't‘0'x0x 
^rgX'^O'X'^^xo 
f<r'-O'egxxxt'-X0' 
H.^^cgrgrgrgrgrgrg 


oxr~X0'XXrg'<fX 
X X O X X X 'I* O' X O' 
(MM'~‘ONXxr^x-^x 

_^^ooooooo 


X r- nT rg C7' 

X X rr o X 
X rg rg rg 
o o o o o 


X X O O' X 
eg o O' r* X 
-<-•000 
o o o o o 


oooooooooo 


o o o o 


o o o 


o o o 


oooooooooo 

■^•xoxoxoooo 

r^f'-xxc'O'O-^rgx 

ddoooo*-*^^*^ 


OOOOOOOOOO 

oooooooooo 
Tj'XXt'-xcT'O— *rgx 

irgcgcgrg 


o d 

^ o 

^ Qi 

O Cl, 

o o 


CO 

I 


..i 




ORIGINAL PA.GR ^ 
OF POOR QGALin- 





1-9 
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The mean brightness of solar disk outside the atmosphere i 
. 33 X 10® lamberts or 2. 015 x 10® cd/m®. Solar illumination is ( 1. 3' 



.3.1.2 Ultraviolet and X-Ray Radiation [1-5] 


Fraction of solar radiation: 




8 to 20 A 20 to 200 A 



Radiation pressure on a flat plate variation with solar distance 














Mean Density: 



1.3.4 Solar Radio Noise 


frequency (Hz) and R is astronomical units distance from sun. 
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Spatial density is related to flux on a randomly tumbling surface by 
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g IS THE RATIO OF THE HELIOCENTRIC SPACECRAFT SPEED TO 0 = 1.20 

THE SPEED OF A CIRCULAR ORBIT THE SAME DISTANCE / 

FROM THE SUN. X 
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1.6 Astrodynamic Constants 



(For international atomic time formally introduced on 1 January 1972, 
see page vii of Reference 1-21.) 
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Gravitational Constants and Mass Ratios [1-22] 
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-13. O’Dell, C. R. : A New Model for Cometary Nuclei. Icarus 19, 1973, 
pp. 137-146. 
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Appendix B contains a complete discussion. 



satellites. Temperature and chemical composition may be inferred from the drag 
determined densities under the assumption of static diffusion. Since mass 



comomea witn amusive transport processes results in a changing atmosphere. 
Accordingly, the chemical composition above the 90 to 100 km altitude level 
is a function of the variable amounts of EUV radiation received from the 
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pendix A. The Global Reference Atmosphere Model is used with the MSFC Life- 
time Prediction Computer Routine for calculating orbital lifetime. This model 
is a combination of the 4-D Model Atmosphere, the Groves Model, and the 
Jacchia 1970 Atmosphere Model [II-l]. 
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additional information. 



spacecraft which can isolate it from the ambient medium. Sheaths can affect 
results of direct measurement experiments such as Langmuir probes and 
experiments mounted on booms. In addition, the electric ootential acouired 
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2. 3. 2. 3 Electron Densities 



and slow decrease in electron concentration with increasing altitude. In the 
region of the knee (where measurements have been made by whistlers and 
satellites), a rapid decrease in electron concentration occurs. This decrease 
occurs even during the periods of relatively weak magnetic disturbances. 


Typical mid-latitude electron density profiles for the ionosphere 
below 1000 km are presented in Figures II- 3 and II-4. Variations with lat- 
itude are shown in Figure II-5. If greater accuracy is required, the tabulated 
values of electron density in Reference II-5 should be consulted; this reference 
covers both the mid-latitude and polar ionosphere. 





SOLAR MIN 



Figure II-5. Daytime contours of equal electron density in the orbital 
plane of an Alouette Satellite. (Density units of 10“* electrons cm~^,) 






+ m 
O a 

© 

CJ xi 
ci ^ 

•S .s 

^ i 

Ci. §- 


" QQ 

d o , 

li 

MH be 

s 2 

. § U' 

S3 rt 

ii 

o 2 
o h « 


‘3 o 

.2 00 
<N 

© 

jc 9> 
+-> > 
o 

s-i 

'^4- 
O ffi 

s ^ 

^ 0) 

© © 
> ^ 
o © 
ft 

<3 o 
a 


+ 0) 
►2 ^ 


g ^ o 

S).2 S 
a '3< > 
>. <^ .s 

^ <u ® 
«4-( ,Q 

a &S 

I Si 


C3 

S © ^ 

I 2 © 

S be 

S ^ ^ 

© © <D 

^ I ^ 
^ a fi 

-tJ S Q) 


S M 

, 'O S 0) 

III 

I f s 

•s « g 

§ 5 

5 'S § 

<0 fl -3 

s ^ s 

43 ^ O 

O <u o 

"S ^ 


r-» W 

•> o u 

i *n ^ 

aJ 

i > cJ 

Q> 

5-g 

be ^ 

: S3 ^ 

•pH jM 
CJ -i-H 

u S3 
© 

> ^ 

< 2 


S S^ 

, g s 
- g a 

TJ a cj 
S3 o § 
aJ © .2 


^ S I 
© 2 'TTl 
§•2 2 

- E-S 
^ ^ ^ 
g S 

.S S 


© 0 
s-i S 

© Is 

'o ® 
ft u 
CQ ^ 

1 .1: 


electron gas is cooled mainly by collisions with neutral particles at altitudes 
below about 250 km and by collision with ions at higher altitudes. The tem- 
perature of the ions approaches that of the electrons above 600 km with both 
exceeding the neutral gas temperature. 




NUMBER/cm 


Figure n-6. Ionic composition of solar minimum daytime winter ionosphere. 
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ever, that the spacecraft plasma sheath usually is a compound of all three 
forms unless special measures have been taken to eliminate certain of them. 




The stationarj' sheath is formed around a body placed in a plasma. 
Theoretical analyses usually assume that the body is spherical and the sheath 
is of the dimension considerably larger than the plasma Debye length, \ (defined 



the velocity vector of the conductor 
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Figure n-12. Thermal electron and ion particle fluxes 
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magnetic field) is relatively constant (0.2 to 0.4 particles/cm^ steradian s) 
except during periods of enhanced solar activity when the fluxes of cosmic 
rays have been observed to decrease. This decrease is caused by an increase 



10^ to 10^® MeV; most particles having 10® < E < 10^ MeV. 
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Figure n-14. Galactic radiation energy spectrum. 
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Figure 11-16. Proton distribution in the earth’s field. 
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and 11-20, respectively. 
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Figure 11-20, Proton differential energy spectra. 


2. 4. 2. 2 Synchronous Orbit Altitude Environment 
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Figure n-21. Electron and proton differential energy spectra. 



The terms N^(> T ) and (> T) are the integral fluxes in imits of protons/ 

cm^ and alphas/cm^, respectively. T is the particle’ s kinetic energy in 
units MeV and P (T) is the particle's magnetic rigidity in units mV given by 
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See Paragraph 1.3. 1. 1 for the value of the solar constant. 
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on the number oi impacts as seen by parts or me spacecrait mubi ue uetci- 
mined on a unique basis. The defocusing factor (G ) may be calculated by 



AVERAGE VELOCITY, 20 knVs 





is the distance from the center of the earth in units of the earth’ s 



The flux-mass model for sporadic meteoroids is described mathe- 
matically as follows: For 10“® Sm S 10°, 


logN = -14.41 - 1.22 log m + log G 




the defocusing factor for the earth, which is applicable to 
all missions and is equal to 0. 568 + 0.432/r 
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The particle velocity of each stream is that given in Table II- 1. 



TABLE n-1. MAJOR METEOROID STREAMS 


Geocentric 

Velocity 

(km/s) 

42 

48 

64 

37 

38 
29 
31 
40 
60 
66 
28 

29 

37 

28 

72 

16 

35 

37 

a 

F 

max 

8.0 

0. 85 
2.2 
2.0 

4.5 

3.0 

2.0 

1. 5 

5.0 
1.2 

1.1 

0.4 

1.0 

0.9 

0.9 

0.4 

4.0 

2.5 

Date of 
Maximum 

Jan. 3 
Apr. 21 
May 4 to 6 
May 14 to 23 
Jime 6 
Jxme 6 
June 28 
July 8 

Aug. 10 to 14 
Oct. 20 to 23 
Nov. 5 

Nov. 10 

Nov. 5 

Nov. 16 to 17 

Nov. 14 
Dec. 12 to 13 
Dec. 22 

Period of 
Activity 

Jan. 2 to 4 
Apr. 19 to 22 
May 1 to 8 
May 14 to 23 
May 29 to June 19 
Jtme 1 to 16 
Jxme 24 to July 5 
July 26 to Aug. 5 
July 15 to Aug. 18 
Oct. 15 to 25 
Oct. through Nov. 

Oct. 26 to Nov, 22 

Nov. 

Oct. 26 to Nov. 22 

Nov. 15 to 20 

Nov. 12 to 16 
Nov. 25 to Dec. 17 
Dec. 20 to 24 

Name 

Quadrantids 

Lyrids 

T}-Aquarids 

O-Cetids 

Arietids 

^-Perseids 

/3-Taurids 

6 -Aquarids 

Perseids 

Orionids 

Arietids, 

southern 

Taurids, 

northern 

Taurids, 

night 

Taurids, 

southern 

Leonids, 

southern 

Bielids 

Geminids 

Ursids 
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ratio of cumulative flux of stream to the average cumulative 
sporadic flux as calculated from Figures n-25 and E-26. 
for the portion of the stream* s duration within the mission 
period. 
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Figure n-26. Activity ratio factor versus period of activity (Sept. 
Dec. ) for major streams based on photographic meteors 
(mass = 1 g, velocity = 20 km/s) . 
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Clear that the tield is not steady, out has secular and transient variations. 

It takes many years for the effect of the secular variations to become signifi- 
cant. The transient variation, however, occur within days or less and are 
caused by external factors, some of which are of solar origin. 




Temporal variations are short-duration disturbances in the geo- 
magnetic field resulting from solar activity and changing relative positions 
of the sun and earth. These variations typically have durations ranging 
from a few seconds to several days and amplitudes from a few hundredths 
to several hundred gammas. 
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Gravitational Potential Fimction for the Earth [11-24 
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where 



Values for the zonal harmonics (J ) are as follows: 
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inese tigures show the autumn to spring variations in the vertical wind profile. 
The zone of strong vertical shear found above 100 km by Kochanski [n-32] and 
shown in Figure 11-34 is easily recognizable. 
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calculated for an altitude of 300 km when the peak electron density 

is 3 X 10® cm“®. 
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(The upper part is based on 25 sodium cloud experiments from Wallops 
Island. Arrows indicate the resultant wind. ) 
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cloud data from Wallops Island. (The shears were computed 
for A Z = 1 km and plotted for each kilometer of elevation. 
N is the number of observations. ) 




d Rocket Soundings by Sodtum Clouds in Sardinia lat. 40*N 1961*1963. Broglio 



Autumn — ... Winter - w ^ ■■■ Spring 


Figure 11-35. Results of rocket soundings by sodium clouds in 
Sardinia 1961-1963,’ east-west. (Numerical indications 
give speed in m/s. ) 
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Figures 11-32, 11-35, and 11-36 show that above 150 km a rather 
persistent equatorward flow is observed and that a weak westward flow ob- 
served in the winter gives way to a stronger eastward flow in spring and 
summer. Kochanski 1 11-32] indicates that a general equatorward flow occurs 



Above 150 km, the principal source of wind data is observation of 
variations of the inclination angle of satellites in orbit. King-Hele has studied 
these variations over the past 8 years to determine the eastward rotation rate 
of the upper atmosphere. Figure 11-37 summarizes the results of these 
studies [11-34], 
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With these definitions, Figure 11-37 indicates that the atmosphere is rotating 
faster than the earth above 140 km to about 450 km. The average eastward 
winds are indicated to increase from a band 40 m/s at 200 km to 160 m/s at 



the horizontal velocities. Dickinson and Geisler [n-36] in a study based on 
Geisler’s [n-27] earlier work find the vertical velocities generally to be less 
than 10 m/s. 
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The winds driven by the pressure gradients are influenced stroi^ly 
by the electron density profiles distributions; therefore, for problem areas 
requiring directional wind inputs or detailed information of the winds at these 
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SECTION III. CISLUNAR SPACE 
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Figure III-l. Probability velocity distribution for sporadic meteoroids. 




in number/ s, of sporadic cometary meteoroids 



log N = -14. 339 - 1. 584 log m - 0. 063 (log m)^ + log G 
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For additional information relative to the cislunar meteoroid 
environment, see References III-l and III-2. 
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SECTION IV. MOON 
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Based on measurements involving radio star occulations, the 
density is estimated to be less than times the mean density of the atmos- 
phere at the earth’s surface. Minimum density at very small solar flux 
excluding SO 2 and CO 2 is 5. 5 x 10^ particles/cm^. 


Mass Spectrometer Cold Cathode Gage 

Data, Data, Predicted Data, 

molecules/cm^ molecules/cm^ molecules/cm^ 
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distribution as given in Figure IV-2. 
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Figure IV-2. Probability velocity distribution for sporadic meteoroids. 
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The average ejecta velocity is 0. 1 km/s for all ejecta particle 



Flux-Mass Models 



. 1. 3. 4. 3. 2 Individual Ejecta Flux -Mass Models 


An average annual individual cumulative lunar ejecta flux-mass 
distribution for each of three velocity intervals should be used in detailed 
consideration of the ejecta hazard. These three distributions are: 




Additional information relative to the meteoroid environment 
is given in References IV-4 and IV-5, 
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Apollo 15 data show that on the average the back-side elevation of the moon 
is 2 to 4 km above the mean lunar radius [IV-7] . 
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Surveyor, Orbiter programs, the Russian Luna probes, and the Apollo program 
in addition, these engineering models reflect, where possible, the consensus 
of the NASA Lunar Trafficability Model Working Group which is composed of 
members of NASA centers and other government agencies working on lunar 
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Moore, H, J. : Some Observations of the Lvinar Trafficability Problem, 
U. S. Geological Survey, Nov. 1968 (Working Paper). 
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Anon. : A Preliminary Analysis of Photometric/Computer Terrain Data 

for Lunar Trafficability Models. Mapping Sciences Laboratory, NASA 
Manned Spacecraft Center, Oct. 4, 1968. 
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Figure IV-4. Rough Mare cumulative slope frequency 
distributions for three base lengths. 
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Figure IV- 7 
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Figure IV- 8. Rough Mare power spectral density versus frequency 
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TABLE IV-1. LARGE-SCALE SLOPES AND 
OTHER DATA FOR LUNAR FEATURES^ 



Moore, H. J, : Some Observations of the Lunar Trafficability 
Problem. U.S. Geological Survey, Nov. 1968 (Working Paper) . 
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STEADY STATE DISTRIBUTIONS 



Figure IV-11. Cuiaulative frequency and relief of craters for various age 
groups that occur on the smooth Mare, rough Mare, and Upland terrains. 
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Figure IV- 15. Cumulative distribution of blocks between crater rim 
and two crater radii as seen around craters in 
smooth Mare, rough Mare, and Upland terrains. 



u 

CD 


^ .S “ 

CD JH 

CD CO 

? ^ S 

0) fn 
^ c5 0) 

CO o 


5 

^ ” 2 


d bX) 
U d 


g o 3 

§ i ^ 

<D & 


CD g 
^ d CQ 


<U 


§) 




o 

CO 

I 


1 



(%) U313IAIVia NVH± 

U30UV1 sjiaoia xa aaaaAoo V3av 





particle size range from 0.01 to 5 mm and the density and porosity are the 
most important characteristics controlling the physical behaviors. Substantial 
regional and local density variations and changes in density with depth have 
been observed. 
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Over 400 anomalies have been recorded. Mare Humoram typically showed 
10 K enhancement above the surrounding Uplands. 



TABLE IV-3. SOIL PARAMETERS 
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A Fourier series representation of measured equatorial bright- 



Limar surface temperatures based on mathematical models for 
various values of the thermal inertia parameter (y) are shown in Figure IV- 17. 
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TABLE IV-4. FOUKLER SERIES BRIGHTNESS TEMPERATURE COEFFICIENTS 


A = 227.194 
o 

B 

n 

-1.395 

0. 1242 

1. 387 
-0. 1012 
-1. 370 

0. 0698 
1. 351 
-0. 0093 
-1. 339 
0. 0645 
1. 369 
-0. 01564 
-1.356 
-0. 01454 
1.329 
0. 000041 

A 

n 

-0.6859 
-0.6548 
0.5814 
0.6360 
-0.5067 
-0.6452 
0.4118 
0.6612 
-0. 2845 
-0.6237 
0. 2027 
0.5865 
-0. 1762 
-0.6448 
0.05244 
0.3160 

c: 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

B 

n 

-0. 2525 
-1.712 
0. 1936 
1.620 
-0. 2003 
-1.590 
0. 1567 
1.522 
-0. 1585 
-1.500 
0. 1743 
1.499 
-0. 1354 
-1.457 
0. 1051 
1.409 
-0. 1237 

A 

n 

1. 287 
-2. 292 
-1. 104 
1. 990 
0. 9928 
-1.707 
“0. 9227 
1.486 

0. 8615 
-1. 235 
-0. 7767 

1. 063 
0. 7044 

-0. 9409 
-0.6887 
0. 8296 
0. 6733 

a 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

B 

n 

16.710 
-2.828 
-5.861 
1.437 
3.794 
-0. 8830 
-2.819 
0.6055 
2.317 
-0.5805 
-2. 161 
0. 3976 
1. 968 
-0.3521 
-1.921 
0. 2377 
1.744 

A 

n 

172. 959 
30. 978 
-32.580 
-11. 958 
15. 280 
6.405 
-9. 454 
-4. 129 
6.595 
2. 885 
-5. 097 
-2. 246 
4. 041 
1.789 
-3.312 
-1.526 
2.731 

c 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 


14 
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Figure IV-18. Angles used in directionality analysis. 
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Thermal conductivity, k, should be considered temperature- 
dependent and can be expressed as 
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are listed in Table IV-6. Table IV-7 gives normal albedo values for some 
prominent features on the front face. 



T ABLE IV-6. NORMAL ALBEDO VALUES OF FRONT AND BACK FACES 



4. 2, 7. 2 Photometric Model 







TABLE IV-7. NORMAL ALBEDO FOR SELECTED LUNAR FEATURES 
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The angle, a, is an angle in the phase plane between the viewing direction and 
a line perpendicular to the line of intersection of the phase plane and lunar 
surface plane. The angle, a, is positive when the viewing line lies between 
the solar vector and the perpendicular line. Illustrations of positive and 
negative a are shown in Figure IV -20. 



Figures IV-21 and IV -22 display the variation of the photometric 
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Figure IV-22. Variation of photometric function with angle a. and phase angle g 

( after Fedoretz) . 
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4 . 2 . 7 . 3 Polarization of Moonlight 
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both the waxing and waning moon were obtained by Lyot. The differences in 
polarization are attributed to the distributions of the Maria which have unusually 
large polarization and occupy about twice as much area at the last quarter as 
at the first quarter. The polarization changes in roughly inverse proportion 
to the albedo [IV-32] . 
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Engineering Waterways Experiment Station (WES). The latter approach gives 
a ”go" or ”no-go’* prediction from an interpretation of cone penetrometer tests 
in a soil along with empirical formulas; it is primarily applicable to quick 
predictions of the trafficability of fine-grained soils and sands. Being based on 
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ings of a Symposium Honoring Fred Lawrence Whipple on his retire- 
ment as Director of the Smithsonian Astrophysical Observatory, 
October 17-19, 1973, pp. 169-183. 
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Figure V-1. Range of temperatures between dark and sunlit profiles 
versus altitude for the Mercury upper density limit model. 
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O' Leary and Rea also reason that if the surface of Mercury has been weathered 
by solar wind and micrometeorite bombardment to produce its present albedo, 
color, polarization, and photometric properties, then the atmospheric pressure 
at the surface must be ^ 10 ® mb for the solar protons to penetrate the atmos- 
phere. 
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Pressure and density decrease exponentially, and temperature 
increases linearly with increasing altitude to their respective interplanetary 



TABLE V-2. MERCURY UPPER DENSITY LIMIT ATMOSPHERIC MODELs' 
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space values of 10“*® N/cm^, 10“^® g/cm®, and 2 x lO® K near 20 000 km. 
Above 20 000 km altitude, all three quantities remain relatively constant with 
increasing altitude. 



The electromagnetic radiation environment near Mercury includes 
the x-ray, ultra violet, visible, infrared, and microwave portions of the 
spectrum. 


The solar radiation environment at 1 AU from the sun is given in 
Reference V-7 which specifies the spectral irradiance P (the received 

power per unit area and per unit wavelength interval) for all wavelengths 
between 1 A and 100 cm. At the extremes of this range, i.e. , the x-ray 
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TABLE V-3. PHOTOMETRIC PARAMETERS FOR THE 
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TABLE V-4. INFRARED OBSERVATIONS OF MERCURY 
INTERPRETED AS SURFACE TEMPERATURES^ 
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temperature T in the formulas for the thermal emission given in subsection 
5. 1.7. 3, the same formulas describe the microwave emission in the wave- 
lengths from 0. 1 to 20 cm. 
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There are no data that directly indicate existence of an intrinsic 
magnetic field of Mercury. Three apparently independent estimates of the 
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bardment of Mercury by the solar wind and by micrometeorites may have 
darkened and roughened its surface, and caused it to evolve to its present 
albedo, color, polarization, and photometric phase properties. 
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Therefore, the following sections assume that lunar values for 
the composition, mechanical properties, and topography can be applied 
directly to Mercury’s surface. Much of material in these sections is taken 
from Reference V-10 which has been corroborated by NASA References V-40 and 
V-41 that report Apollo 11 and 12 results. 
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surface. The resvilts of Morrison [V-11] support the tabulated values of 
density and porosity because loosely-packed rock powders duplicate many of 



the properties required to explain the microwave data from Mercury. The 
other entries in Table V-8 are from Costes et al. [ V-10, V-45] , 





10 and 100 cm by the radar data (Table V-7) . Slopes on the lunar surface are 
also specified in Reference V-10 from which Figvires V-6 and V-7 are adapted 
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of all surface points for which the sun is invisible (night side 



or for which the predicted temperature T is less than 200 K (near the term- 
inator). Within this range, the higher temperatures are appropriate just 
after sunset and the lower ones from Mercury’s midnight to dawn. 
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merits of Microwave Radiation from the Planet Mercury. Astro- 
phys. J. , vol. 136, 1962, pp. 995-1004. 
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Constants and Planetary Ephemerides Deduced from Radar and 
Optical Observations. Astronom. J. , vol. 72, no. 3, 1967, 
pp. 338-350. 
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6. 1 Atmospheric Environment (Based on VI -1) 
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exceedingly large. The evidence, however, was not generally accepted prior 
to 1967 and the successful flights of Mariner 5 and Venera 4. It was difficult 
to account physically for the observed radio brightness and a varietv of more 
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Optical observations of Venus by ground-based telescopes estab- 
lished the existence of a dense atmosphere, identified its major constituents, 
established the existence of extensive cloud cover, and determined the optical 
size of the planet. 
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Polarization measurements were also used to estimate the atmos- 
pheric pressure near the top of the reflecting cloud layer [VI-8, VI-9]. Com- 
putations for polarized light at ultraviolet wavelengths indicated pressures near 



TABLE VI-1. RADIUS OF VENUS 
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The infrared radiometer was sensitive to wavelengths of 8.4 and 
10.4 nm which penetrate water vapor but not clouds. A temperature gradien 
detected across the planet was interpreted as a limb -darkening effect. The 
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errors in the densitometer readings are discussed in Reference VI-21. As a 
result, a theoretical density profile was developed on the basis of the equation 




Figure VI-3, Venera 4 measured data [VI-1, VI-13, VI-22J 
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atoms in the upper atmosphere on both the day and night sides of Venus [VI-26, 
VI-27]. 



DAY SIDE(OCT. 19, 1967) 
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of Venus is about 650 K [VI-26]. 
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compositions [VI-24]. 
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36. 1 km above the surface. Data transmission ended at 20 km above the mean 
surface. 



Both Venera 5 and 6 were equipped with gas analyzers to determine 
&e concentrations of CO 2 , inert gases, O 2 , and H 2 O. Measurements by Venera 
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temperature profiles for the foregoing adiabatic and measured paths are shown 
in Figure VI- 8. The adiabatic curve was computed for a surface temperature of 
747 K[VI-1J. 
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The Venera gas analyzers were designed to detect CO 2 , inert gases, 
O 2 , and H 2 O. Other component gases listed in Table VI-2 are derived from 
spectroscopic measurements except the value for the He which is an estimated 
amount. Other possible components derived from chemical analysis considera- 
tions are given in Reference VI-1. 
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Paragraph 6 . 1. 2. 5. 
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Figure VI- 10. Venus lower atmosphere temperature profiles. 
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data were adjusted to agree at a pressure of 6. 6 atm [ VI-16 J . The Venera and 
Mariner 5 profiles agree remarkably well. 
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The nature and theory of general circulation of Venus’ atmosphere 
remain xmcertain although considerable progress has been reported in recent 
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and strongly imply retrograde rotation of the Venus atmosphere with a period of 
4 to 5 days in the vicinity of the ultraviolet clouds. Independent support for this 




surprising result is provided by spectroscopic observations in which significant 
Doppler shifts were detected in the solar spectrum reflected by Venus. These 
shifts were interpreted to indicate retrograde velocities of about 100 m/s, 
equivalent to an estimated rotation period of 4. 3 ± 0. 4 days [ VI-1] . 
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Figure VI- 13. Typical horizontal wind patterns [VI-l], 
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upper atmosphere. The evidence is considered weak, however, so models 
requiring large concentrations of these elements are viewed as highly 
speculative [VI-1]. 






On theoretical grounds one might expect atomic oxygen to be a dominant species 
in the upper atmosphere. However, detailed theoretical analysis of the iono- 
spheric profiles suggests that oxygen is a minor constituent (<10 percent) at 
the ionospheric peak, as is the case for Mars; Venus models are constructed 
subject to this constraint. 
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Interaction with Solar Wind — Upper Atmosphere 
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The most prevalent theory of the shock wave formation postulates 
that the magnetic field of the solar wind is compressed against the ionospheric 
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It is proposed that a magnetohydrodynamic shock wave is formed 
as the magnetized supersonic plasma flow (solar wind) interacts with the planetary 
ionosphere. Most of the subsonic flow on the planetary side of the shock wave is 
deflected around Venus. Between the ionosphere and shock wave, the dynamics 
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where rg is the planetary surface radius. 
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toptjciiic neai; ana me reduced collision integral which appears in the viscosity 
relationship, an extended pressure range for the calculation of the specific heat, 
and thermochemical data which allow for the inclusion of atomic oxygen as a 
component gas [VI-1] . 
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TABLE VI-4. COMPUTER INPUTS FOR MODELS OF 
VENUS ATMOSPHERE (1972) 



6046 km (Paragraph 6. 1.6.3). 

Extreme low values for surface pressure and temperature are obtained at a planetary radius of 
6054 km (Paragraph 6. 1.6.3). 
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TABLE VI-5. 1972 VENUS ATMOSPHERE (MODEL I) (MOST PROBABLE 
MOLECULAR MASS AND MEAN SOLAR ACTIVITY) ^ 




Viscosity 

(kg/m-s) 
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2.96-05 

2.85-05 

2.74-05 

2.62-05 
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1.82-05 
1.65-05 
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1.33-05 
1.23-05 
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1.10- 05 

1.03- 05 
.94-05 
.89-05 
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.83-05 
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1.33-05 

1.85-05 

2.37-05 

2.67-05 

2.84-05 
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1.62-09 
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3.88-09 

4,95-09 

6.39-09 

8.36-09 

1.11-08 

1.51-08 
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4.47-08 
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3.42-07 

6.91-07 

1.45-06 

3.20- 06 
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7.92+18 
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Molecula 
Mass 
(g/g mol 
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43.531 

43.531 
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43.531 
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Cd 

rn 
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i 
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TABLE VI-6. 1972 VENUS ATMOSPHERE (MODEL II) (MAXIMUM 
MOLECULAR MASS AND MINIMUM SOLAR ACTIVITY) ^ 


J 


Viscosity 

(kg/m-s) 

3.34-05 

3.25- 05 

3.16- 05 
3.07-05 
2.97-05 
2.86-05 
2.75-05 
2.64-05 
2.52-05 
2.40-05 

2.26- 05 

2.10- 05 
1.96-05 
1.83-05 
1.66-05 
1.49-05 
1.33-05 
1.23-05 

1.17- 05 

1.10- 05 

1.03- 05 
.95-05 
.89-05 
.86-05 
.84-05 
.82-05 
.81-05 
.82-05 

1.04- 05 
1.08-05 

1.34-05 

1.95- 05 
.2.55-05 

2.96- 05 
3.21-05 
3.40-05 
3.51-05 
3.59-05 
3.64-05 
3.67-05 

3.68-05 

3.70-05 

3.70-05 

3.70-05 

3.70-05 

3.70-05 

3.70-05 

3.70-05 

Mean 

Free 

Path 

(m) 

1.30- 09 
1.59-09 
1.96-09 

2.43- 09 
3.04-09 
3.84-09 
4.90-09 
6.34-09 

8.30- 09 
1.11-08 
1.50-08 

2.07- 08 
2.95-08 
4.45-08 
6.76-08 

1.07- 07 
1.82-07 
3.40-07 
6.87-07 

1.44- 06 

3.18-06 

7.59-06 

1.94-05 

5.24-05 

1.45-04 

4.14-04 

1.20-03 

1.85-02 

2.64-01 

2.37+00 

1.93+01 

1.10+02 

3.92+02 

9.83+02 

2.05+03 

3.90+03 

6.87+03 

1.17+04 

1.94+04 

3.17+04 

5.13+04 

8.23+04 

1.31+05 

2.09+05 

3,32+05 

5.28+05 

8.37+05 

1.32+06 

Number 
Density 
(per cm^) 

1.11+21 

9.06+20 

7.37+20 

5.94+20 

4.75+20 

3.76+20 

2.94+20 

2.28+20 

1.74+20 

1.30+20 

9.62+19 

6.97+19 

4.88+19 

3.24+19 

2.13+19 

1.35+19 

7.94+18 

4.24+18 

2.10+18 

1.00+18 

4.53+17 

1.90+17 

7.41+16 

2.75+16 

9.91+15 

3.4^15 

1.20+15 

7.79+13 

5.45+12 

6.07+11 

7.45+10 

1.32+10 

3.68+09 

1.47+09 

7.01+08 

3.69+08 

2,10+08 

1.23+08 

7,43+07 

4.54+07 

2.81+07 

1.75+07 

1.10+07 

6.90+06 

4.34+06 

2.73+06 

1.72+06 

1.09+06 

Density 

Scale 

Height 

(km) 

COtDO>(MTt<C-CT)tHCOlOt-C10in«NCOO.-H'-H'<^CO 

ooio6odt-toinirt'^co(N»-iocrs<j)oot>-coir3i/5 

M.— if— It— ti-Hr-Hr-lT-1 

tD«£>tD<X>OO^C>COOOioO 

rj<''fTj<eocococoPo-<*'->i< 

c-mcoooiHc-ooooiiM 

CQ05CVJ05'ri<(NrHO0>in 

inc005iHTf<CD0005010 
rH rH rH rH rH rH (M 

Tt<OtDCOOt>'Tt*rH 

O>CvJrJ<iq«5tOt>00 

OtHrHrHrHrHiHiH 

<NCMC'J<M1M<NC'1<N 

Molecular 

to o 

SE 

S bn 

li-irHrHt-l.-l.-lrH 

oooooooooooooooooooo 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 
44.011 
44.011 
44.011 
44.011 
44.011 
44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

44.011 

'44.011 

44.011 

44.011 

Speed 

of 

Sound 

(m/s) 

424. 

416. 

408. 

400. 

392. 

383. 

374. 

364. 

355. 

344. 

333. 

320. 

308. 

299. 

286. 

271. 

258. 

249. 

242. 

235. 

227. 

220. 

215. 

212. 

209. 

207. 
206. 

208. 
227. 
232. 

05r-QO<N-^iHOC'fHCO 

loomai'HcoTt'^LOiri 

lOiOtOCOXJtOCDCO 
Lf5 m lO 1/5 uo lO lo lO 

Density 
(g/cm 3) 

8.09- 02 
6.62-02 
5.38-02 
4.34-02 
3.47-02 
2.75-02 
2.15-02 
1.66-02 
1.27-02 

9.53- 03 
7.03-03 

5.10- 03 

3.56- 03 
2.37-03 

1.56- 03 
9.86-04 
5.80-04 

3.10- 04 

1.53- 04 
7.31-05 

3.31-05 

1.39-05 

5,42-06 

2.01-06 

7.24-07 

2.55-07 

8.75-08 

5.70-09 

3.98-10 

4.44-11 

5.44-12 

9.62-13 

2.69- 13 
1.07-13 
5.13-14 

2.70- 14 
1.53-14 
9.00-15 
5.43-15 
3.32-15 

2.06-15 

1.28-15 

8.02-16 

5.04-16 

3.17-16 

2.00-16 

1.26-16 

7.95-17 

Pressure 

(mb) 

1.23+05 

9.66+04 

7.54+04 

5.82+04 

4.45+04 

3.35+04 

2.49+04 

1.82+04 

1.31+04 

9.22+03 

6.33+03 

4.21+03 

2.71+03 

1.68+03 

1.00+03 

5.64+02 

2.96+02 

1.46+02 

6.79+01 

3.03+01 

1.27+01 

4.98+00 

1.86+00 

6.72-01 

2.37-01 

8.16-02 

2.78- 02 
1.84-03 
1.53-04 

1.79- 05 

2.80-06 

7.26-07 

2.82-07 

1.37-07 

7.36-08 

4.21-08 

2.50- 08 

1.51- 08 
9.29-09 
5.75-09 

CJ050500000 

OOOrHrHrHrHr-l 

1 i 1 1 1 1 1 1 

00i4<iH(MmOrH05 
in(N*^coinirtcsico 
COiMiHOOlOOOCsIiH 

Temperature 
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TABLE VI-7. 1972 VENUS ATMOSPHEEE (MODEL III) (MAXIMUM 
MOLECULAR MASS AND MAXIMUM SOLAR ACTIVITY)^ 
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TABLE VI-8. 1972 VENUS ATMOSPHERE (MODEL IV) (MINIMUM 
MOLECULAR MASS AND MINIMUM SOLAR ACTIVITY)^ 


.ti ' “ 
w c 
o 6 

O 

w bo 

3.28-05 

3.19-05 

3.10-05 

3.00-05 

2.89-05 

2.78-05 

2.67-05 

2.56-05 

2.44-05 

2.31-05 

2.16-05 

2.02-05 

1.86-05 

1.74-05 

1.58-05 

1.42-05 

1.27-05 

1.18-05 

1.12-05 

1.06-05 

.98-05 

.90-05 

.86-05 

.83-05 

.81-05 

.80-05 

,79-05 

.84-05 

1.05-05 

1.10-05 

lO lO ID ID ID ID ID ID ID iD 

oooooooooo 

1 > < < 1 1 i 1 1 1 

-HOcDCM^OCOCOCOOiOi 
CD <73 CM ID CO t- 1- t- t- I- 
-H-HCMCMCMCMCMCMCMCM 

ID ID ID ID ID ID ID ID iD iD 
OOOOOOOOOO 
1 1 1 t 1 1 I 1 1 1 

1- e- t- t- t- t- i- t- t- 

. (M CM CM CM CM C J (M CM (M CM 
V 

Mean 

Free 

Path 

(m) 

1.45-09 

1.76-09 

2.15-09 

2.65-09 

3.30-09 

4.14-09 

5.25-09 

6.75-09 

8.80-09 

1.17-03 

1.58- 08 
2.17-08 

3.11- 08 
4.68-OS 
7,10-08 

1.12- 07 
1.91-07 

3.58- 07 
7.24-07 
1.52-06 

3.37-06 

7.94-06 

2.00-05 

5.30-05 

1.44-04 

3.99-04 

1.13-03 

1.58-02 

1.90-01 

1.05+00 

2.92+00 
5 ,52+00 
8.28+00 
1,06+01 
1.24+01 
1.38+01 
1.51+01 
1,64+01 
1.75+01 
1.88+01 

2.01+01 

2.14+01 

2.29+01 

2.44+01 

2,69+01 

2.77+01 

2.95+01 

3.14+01 41 

3.35+01 

3.56+01 

Number 
Density 
(per cm^) 

1.04+21 

8.60+20 

7.04+20 

5.71+20 

4.5^20 

3.66+20 

2.88+20 

2.24+20 

1.72+20 

1.30+20 

<75aia)0^cT3<j2TOTOoot~ 

+ ++ + f + + + + + 
'-I i- i — r CO «o CM CO Oi CO 
cDoiTOCM^cocnojoaj 

CJ5CD-f*COC'4'-Ht rCMOi 

4.50+17 
1.91+17 
7 .56+16 
2.86+16 
1.05+16 
3.80+15 
1 .35+15 
9.6CM-13 
7.94+12 
1.44+12 

5.17+11 

2.73+11 

1.82+11 

1.43+11 

1.22+11 

1,09+11 

1.00+11 

9.21+10 

8.60+10 

8.04+10 

7.52+10 

7.04+10 

6.60+10 

6.19+10 

5.81+10 

5,45+10 

5.11+10 

4.80+10 

4.51+10 

4,24+10 

— 

Density 

Scale 

Height 

(km) 

21.06 
20.29 
19.53 
18.75 
17.96 
17.16 
16.34 
15 .51 
14.65 
13.77 

12.81 

11.82 

10.51 

9,19 

9.36 

7.99 

7.12 

6.12 
5.46 
5.26 

4.81 

4.52 

4.24 
4.04 
3,97 
3.86 
3.85 
3.85 
4.14 

5.24 

7.24 

11.82 

19.61 

32.34 

50.04 

72.86 

92.38 

104.87 

126.14 

131.96 

137.44 

141.24 

144.88 

147.56 

149.87 

151.88 
153 .65 
155.22 
156.62 

157.88 

Molecular 

Mass 

(g/g niole) 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

41.210 

39.629 

26.595 

12.386 
7.179 
5 ,576 
4.941 
4.628 
4.450 
4.338 
4.263 
4.209 
4.169 

4.138 

4.113 

4,093 

4.078 

4.065 

4.054 

4.045 

4.038 

4.032 

4.027 

Speed 

of 

Sound 

(m/s) 

431. 

423. 

415. 

406. 

397. 

388. 

378. 

368. 

35S. 

347. 

335. 

322, 

310. 

301. 

288. 

273. 

260. 

251. 

244, 

237. 

229. 

222. 

218. 

215. 
213. 
211. 
211. 

216. 
241. 
300. 

483. 

736. 

937. 

1062. 

1134. 

1174. 

1198. 

1216. 

1224. 

1230. 

1235. 

1239. 

1242. 

1244. 

1246. 

1248. 

1249. 

1251. 

1252. 
1252. 

‘i| 

Q ^ 

7.14- 02 

5.89- 02 
4.82-02 
3.91-02 

3.14- 02 
2.50-02 
1.97-02 
1.53-02 
1.18-02 

8.89- 03 

6.58-03 

4.77-03 

3.34-03 

2.21- 03 
1.46-03 

9.22- 04 

5.42- 04 • 
2.90-04 

1.43- 04 
6.80-05 

3.08-05 

1.31-05 

5.17-06 

1.95-06 

7.20- 07 
2.60-07 

9.21- 08 
6.57-09 
5.23-10 
6.34-11 

1.06-11 
3.26-12 
1.69-12 
1.17-12 
9.36-13 
8.07-13 
7.20-13 
6.52-13 
6.01-13 
u .o6— 1 3 

5.17-13 

4.81-13 

4.49-13 

4.19-13 

3.92-13 

3.67-13 

3.43-13 

3.22-13 

3.02-13 

2.83-13 

Pressure 

(mb) 

1.11+05 

8.77+04 

6.88+04 

5.34+04 

4.09+04 

3.KH04 

2.31+04 

1.7CH04 

1.22+04 

8.62+03 

5.92+03 
3.94+03 
2.53+03 
1 .57+03 
9.38+02 
5.27+02 
2.77+02 
1.36+02 
6.34+01 
2.»3-^0l 

1.19+01 
4 ,77+00 
1.81+00 
6.69-01 
2.42-01 
8.59-02 
3.03-02 
2.27-03 

2.24- 04 

4.24- 05 

1.88- 05 
1.38-05 
1.19-05 
1.07-05 
9.82-06 
9.09-06 
8.46-06 
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TABLE VI-8. ( Concluded) 


Viscosity 

(kg/nvs) 
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8.57+01 

9.93+01 
1.15+02 
1.33+02 
1.53+02 
1.7,7+02 
2. 04+^2 
2.34+02 
2.69+02 
3.09+02 
3 .00+02 

4.07+02 

4.66+02 

5.32+02 
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6.94+02 

7.92+02 

9.02+02 

1.03+03 
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Number 
Density 
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3.98+10 
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TABLE VI-9. 1972 VENUS ATMOSPHERE (MODEL V) (MINIMUM 
MOLECULAR MASS AND MAXIMUM SOLAR ACTIVITY)^ 
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TABLE VI-9. (Concluded) 
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a. A one- or two-digit number (preceded by a plus or minus sign) following an entry indicates the power of ten by which 
that entry should be multiplied. 

b. Corresponds to planetary radius of 6050 km. 

C. Density is 1.37 x 10"*^ g/cm-’ at the turbopause (lower boundary of upper atmosphere). 
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TABLE VI- 10. 1972 VENUS ATMOSPHERE (MODEL VI) (MAXIMUM 

MOLECULAR MASS AND NIGHT-SIDE 
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The theoretical thermal model of Reference VI-1 should be used for 
computing the temperature and density of the ionosphere. The following peak 
values for electron density should be used: 
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For design purposes the following should be used: 



Thermal radiation varies from ~238 W/m^ at 200 km to ~ 9 W/m^ 
at ~ 2 X 10^ km. Dark-side radiation is the same as above, although flux is 
subject to question due to uncertainty in planet atmosphere and surface tempera- 
tures. Thermal radiation will consist predominently of radiation from ~2 to 
10 /im wavelength. 




Albedo Radiation [VI-1] 



solar constant at the Venus (W/m^) 
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6 . 1. 10 Meteoroid Environtnent 
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(does not hold for dustballs) , where 





.1.12 Astrodynamic Constants [VI-32] 




Rotational period 242. 6 days 





Measurements from the earth indicate a surface temperature of 
about 600 to 650 K. Mariner 2 yielded 700 K, and Venera 7 yielded 747 K. 
Mariner 2 detected a large region, slightly cooler than the rest of the disc, 
that possibly represents the influence of a surface temperature. 


Since no breaks large enough to reveal the surface have ever been 
seen in the clouds, no telescopic surface data exist. Radar studies have shown 
areas of enhanced surface roughness. Recent probes have revealed new infor- 




Radar data indicate a value of 2 to 4 [VI-33] . Recent data by JPL 
[VI-34] indicate a value of 2,5 as a mean dielectric constant based on data 
obtained using a high resolution twin-dish interferometer radio telescope. 
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Venus Based on the Results of Direct Temperature and Density 
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pp. 197-208. 



^ CL 

o a 


0 ^ 

u .2 

CO .rH 
(D t-H 

01 ft 

g'B 

M « 


(M 

fn 

^ P. 


'P « 

g rS ^ 

•g s a 

rS * 
2-0 
g ^ O 

1 S hO 

> .s 

qn a> S 

o CO ^ 
Cl> o.-» r-H 

^ 42 

ft S ^ 
“ d 'Q 

2 ^ S 


u 


0 ) ns P ^ 
rP O ^ 
P . O o :, 

^ O ^ 

o ^ Oi 


• <n -P 
tf P ^ 

. ft o 

t> ' 

^ Q c 


3 5 


O ® OT 
O 

^ 

ft ^ ft 


‘S .S 

fl o 

.2 

-S a< 

oj m 


•“■ 9 

P 7^ 

(D p 

.s > 

^ i 

feP 

S .2 

0 P 

P P^ 

GO 

3 o 
§ '=!' 

2 : ° 

1 1 

1 ” 

« o 

P Q , 

<D ^ 

P. S 

m • 

ft ft S 3 

.2 - 

2 w ♦ 
•Soft 

P P< 

o <n 

X Q . ^ 

W w tr 

o 2 


_• >> s ^ 
^ g ^ 

CO I— c Z 

ft ft C' 


CO 

o 


a 

•IM 

td 

rj 

1 

CO 

i-H 

g 

o 


o 

•r^ 

• • 


CQ 

• 

p 

>> 


^ ft 

• !S ^ 


T—i 

(N 

CO 


IP 

ZO 

t- 

00 

05 

(M 

1 

(M 

1 

(N 

1 

1 

(M 

1 

<N 

1 

(N 

I 

C^ 

1 

(M 

1 

1 

HH 

1 

H-i 

1 

I-H 

1 

I-H 

1 

»— t 

1 

HH 

1 

t—i 

1 

I-H 

t—i 

> 

> 

> 

> 

> 

> 

> 

> 

> 


Atmospheres. NASA TN D-4292, 1968. 



REFERENCES (Concluded) 


pH 

T— i 

t+H 

O 

CO 

1 

bO 

LO 


T— 1 

•pH 


•rH 

• 

a 

bO 

Oh 

CD 


CD 

i> 


Oi 

T— i 


0) 

d 

CD 

> 

*-0 



o 

CO 

CD 

Ph 

CO 

• 

o 

u 


CD 



CO 

< 

I— 1 

• 

I— H 

o 


> 

i 

•v 

CD 


> 



u 

cci 

o 

ci 

h— 1 


• 


° "o . 
0) 0) 00 
^ pM CO 

'S ^ 

CO g 5 *v 


5 ^ 

.. ^ o 

s .2 

- "S ^ 

PI 0) CO 


(D w Q 
CO cA 

(P PI ^ 

<I> CD S 

« > s 


o 

t-H 

(N 

CO 

CO 

CO 

1 

HH 

h- 1 

HH 

> 

> 

> 


VI-34. Kliore, A., Levy, G. S. , Cain, D. L. , Fjeldbo, G., and Rasool, 

S. I.: Atmosphere and Ionosphere of Venus from the Mariner V 
S-Band Radio Occultation Experiment. Science, vol. 158, December 
11, 1967. 


VI-35. Van Flandern, T. C. and Harrington, R. S. : A Dynamical Investigation 
of the Conjecture that Mercury is an Escaped Satellite of Venus. Icarus, 
vol. 28, August 1976, pp. 435-440. 



CD 

I 

CO 


i 


j 


J 




S 2 a 

a o 
o a 
9 Z ^ u 
5b o 3 
•»H o o ^ 
cQ 3 Si 

rg Cj ^ 

^ r*' <i> w 

^ m 

O ^ tJ 
g ° ^ 

C3 H _ 

^ O ^ S 

“ I a .2 

Jm ,g Q -y 
O +3 S3 53 

m o Jj S 


bDi ^ § 

I 

^ — ■ M 03 

<U C3 >n 

01 n c3 -rt 
C3 O _ > 
•iH CO O o 

^ ^ 2 

m S-i lo 

•sl^S 

o> .2 ^ 

a, » 7^ .S 
S <1^ ^ 

2 ^ 


a "o 3 jh 

O <P Q, rt 

<D -iH ^ 

0) bC 13 ^ 
T3 O ^ 

- O Ci PI 
^ <D CD O 

^ s i I 

2 > 2 3 

? (M fl 


° .2 -o 2 ' 

IIS® 

® g s § 

0) Pi a> 
fH ^ Sj T3 
® fl n» ® 

-S ” J 2^' 

P. JJ ^ o 
2 S3 ^ -S 


^ cs J" -TJ 

2 'S ^ <u 

CC5 «fH G m 

•43 « .2 I . 

S^ -(-> Sh ' 
cO to <D ,— , 

<U C <u p 
:g <n > I 

0 ^ "B ^ 

0» . 0) , 
bD CD •> -^ 

"O 0) t- P 
(jj bc 

'S § so" ^ 

1 ^ s. ^ 

•^ >» .s B 

PI c5 S ^ 

I si « 

B a?c2 


iS 2 S S 

^ «s 5 

O ,1:3 ?5 bX3 

sS 

XS g P 0 

S “ 3 2 
2 0 ^ ■§> 
S rt -2 S 
'3, s< m 
° <u -2 ^ 


S S 2 


IS-s 

p +^ X) 
•S2 X3 ® 

CD « e 
S3 ?, <U 

O 2 CO 

•43 S <“ 

Si k 
0) m ^ 
CQ Pi 0) 

•$ I ® • 
- § *3 

cS 0< 0) 

Pi 

^ 5 h 


S'! I 

•iH ,2 *p-l 

i§ > 


® . 

S3® 

§3 2 

g M 0) 

P ■g ”§< 
«> § ® 


;.j f-i 

.pH ;3 4-> 
bD o cci 


?Is 

(D S^ 2 

2 ^ 

g 3 • 

^ CM 


0 

«i-i 

•F-l 

+-> 

0 

0 

CD 

CQ 

a 

s 

CD 

0 


"§ ^ 
' § O 

. o 


i-§ 2 

s|3 

^ sg 3 

cct P 0) 

I ^ ^ 


•r^ 5 . Pl< 

^ CD (D 

° ^ s 

® O «M 

2 <u ^ 

•S3® 

a'® 2 
® g 3 

p p p 

3 ^ g 

3 O 3 

S O (u 

^ O ^ 


pressure of 13 mb. Another analysis made by Belton and Hunten gave 5, 5 ± 0,5 
mb. Low pressure was also derived by Musman and Evans from Martian ultra- 
violet albedos, Musman used an albedo for the total disc obtained photoelectrically 
by de Vaucouleurs, 'With assumptions of no absorbing atmospheric constituents. 
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Figure VII-1. Atmospheric regions of Mars. 
(For temperature profile see Fig. VII-15. ) 
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Surface pressxire resvilts were derived from both ground-based obser- 
Mariner 9 experiments. Absorption of CO 2 in the Martian atmosphere 
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Surface pressures at about 65 deg north latitude were considerably 
higher than those in the equatorial region. Pressimes ranged from about 7. 2 
to 10,3 mb with a mean value of approximately 8. 9 mb. The pressures derived 
from Mariner 9 occultation data are in agreement with earth-based spectroscopic 
results of Reference VII“3, 
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TABLE VII-1. COMPOSITION OF THE MARTIAN ATMOSPHERE [VII-3] 




■i § 





3 


m 
0 
»rH 

o o 

<n •«-! 

a ^ 

^ i I 

^■n.1 


§ ^ 


"O 
U 

o , _ 

Q 

O 

^20 


ci 


o 

0 


S ^ O 
CQ O +i 

•1“^ rt 

.2 5 § 
B ^ 

Q) ^ u 
U >> Q) 

O ^ a 

'q. O O 
W <U 

s ® § 

w g 
2 




a 

•fH 

c3 


O 3 

,Q 


^ - 
^ O 
0 


43 I Q 

-M (-H O 


o “ 

3 

Ctf CQ 
o 




C n 
oi I— I 

o I 
bX) 

c3 CO 


O 

« .a 

H p, 


U CQ 
0 0 


i 


CO ■' ■'* 

I 

t> 

. J 
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7. 1, 1, 2, 3 Molecular Mass 
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Figure Vn-4. Variations of atmospheric temperature with latitude and local 
time at altitudes of about 10 km (2 mb pressure level) [VII-3]. 
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Figure Vn-5, Variation of surface temperature with latitude and 

local time [VII-3], 
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Mariner 9 arrived at Mars during a planet-wide dust storm that 
altered meteorological conditions drastically. Dust was lifted to altitudes 
above 30 km [ VII-3] . This vertical extent requires strong winds and circula- 
tion; these can be attributed to alterations in the temperature structure becaus 
of dust content. The effect of dust on heating was shown by the unexpectedly 
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and VII-9. The resulting diurnal winds near the surface beyond 30 deg north 
and south (Fig. VII-8) have amplitudes of the order of 20 m/s. These 
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from the diminishing polar cap to the growing polar cap. The zonal compi 
of the mean wind at near surface is illustrated in Figure VII- 10 vdiere the 
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predicted by radiative-convective model in such a way as to provide an explana- 
tion of the observed cold middle atmosphere that was not predicted by the less 
complete models [Vn-3]. 
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is too low to produce an appreciable electron density. At lower altitudes, elec- 
tron density is limited by attenuation of the laltraviolet radiation in the atmos- 
phere and large electron recombination rates from increased density. 



Figure VII-11 shows the distributions of electron number-densily in 
the Martian ionosphere from Mariner 4, 6, 7 and 9 [VII-3, vn-23] . 

The maximum electron densities are much lower than expected at altitudes of 
120 km from Mariner 4 measurements, 135 km from Mariner 6 and 7 measure- 
ments, and 135 km from Mariner 9 data. This indicates a lower atmospheric 
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Figure VII-12. Model of Martian ionosphere components [vn-25] 
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relate to the location of the turbopause and the abundance of light constituents 
O, N2, CO, and He at the turbopause. Calculated densities for several known 
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The basic inputs to the computer program are the temperature 
file, the surface pressure, the near-surface atmospheric composition and 
corresponding molecular mass, the planetary radius, the acceleration of ^ 



at tile planet’s surface, and the atmospheric density at the turbopause. The 
values for density, pressure, speed of sound, molecular mass, density scale 
height, number density, mean free path, viscosity, and pressure scale height 
as functions of altitude are calculated. Additional mathematical onerations ar 



The adopted temperature profiles near their minima cross the solid 
vapor phase boundary for CO2, beyond which CO2 cannot exist as a gas. This 
discrepancy in the data has not been resolved in the literature. The adopted 
profiles represent the data that were available prior to the Viking missions. 


ofiles for the lower atmosphere have been established 




TABLE Vn-2. COMPUTER INPUTS FOR MODELS OF 
MARS ATMOSPHERE ( 1974) 
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Viking I preliminary results show total atmospheric pressxme of 
about 7 mb at the landing site. The principal atmospheric constituents are; 
CO 2 , 95 percent; N 2 , 2 to 3 percent; Ar, 1 to 2 percent; O 2 , 0.3 to 0.4 percent 
[VII-8]. 
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The engineering models of the Mars atmosphere are given in Tables 
VII-3 through VII-6. Model I (Table VII-3) should be considered as the nominal 
model. It is representative of clear atmospheric conditions at mid-latitudes in 
mid-spring or mid-autumn during periods of moderate solar activity. Models 
n through IV (Tables VII-4 through VII-6) take into account possible extremes 
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TABLE VII-4. 1974 MARS ATMOSPHERE (MODEL II) 
(LOW TEMPERATURE PROFILE)^ 
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TABLE VII-5. 1974 MABS ATMOSPHERE (MODEL HI) 
(HIGH TEMPERATURE PROFILE) 























TABLE Vn-6. 1974 MARS ATMOSPHERE (MODEL IV) (TYPICAL 
DUSTY ATMOSPHERE TEMPERATURE PROFILE)^ 
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All models are based on a mean planetary radius of 3394 km which 
corresponds to 0 Ion altitude in the tables. However, to encompass possible 
extremes of local topography as well as variations in local radius, the tables 
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TABLE VII-7. NOMINAL MARS PHYSICAL PARAMETERS 
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The gravitational field potential U is expressed in terms of fourth- 
degree spherical harmonic ejqjansions [VII-50, vn-51] , 
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TABLE Vn-8. COEFFICIENTS IN GRAVITATIONAL POTENTIAL FUNCTION 



J 



Four classes of units are recognized on Mars: ( 1) primitive cra- 
tered terrain, (2) sparsely cratered volcanic aeolian plains, (3) circular 
radially symmetric volcanic constructs such as shield volcanoes, domes, and 
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Figure VII-18c. Relative elevations at 400 m intervals for Canyonlands 
at about 8 deg south and 84 deg west from Mariner 9 
camera (USGS, Flagstaff, Ariz.). 
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Figure VII-22. Cumulative number of blocks 
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Final Viking reports are expected to improve the properties given in 
Paragraph 7. 2, 6. 
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MARTIAN MONTHS 



Figure Vn-24. Annu al variation of minimum global surface temperature 
in K for 1= 0, 0065 cal/cm^ K, A, , = 0, 25, and e = 1, 00, 
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The photometric function $(i,e,Q!,A,) is given in Paragraph 7. 2. 9. 2 
■ms of the angles shown in Figure VII-29. In the figure, i and e are the 
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7. 2, 9. 1 Photometric Function 



Spectral albedo values are listed in Table Vn-12 and plotted in 



TABLE Vn-12. ESTIMATED SURFACE NORMAL SPECTRAL ALBEDO 
FOR DESERT AND MARE AREAS [Vn-56] 



2. 10 Meteoroid Enviromnent 
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solar constant at Mars orbital position 
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UV Emissions Scattered in the Martian Upper Atmosphere. Icarus, 
vol. 17, 1972, pp. 475-483. 
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VII -41, Leovy, C, B. , etal.: Mariner Mars 1969; Atmospheric Resvilts. 
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TABLE VIII-1. COMPOSITIONS AND OTHER PARAMETERS 
FOR MODEL ATMOSPHERES OF JUPITER [VIII-3]. 
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specifies the level of the optical disc of the planet (not a real liquid or solid 



TABLE VIII-2. VALUES AT SELECTED PRESSURES FOR 
NOMINAL MODEL ATMOSPHERE OF JUPITER 



The zero of altitude is specified by equation (Vlll-li . 








TABLE VIII-3. VALUES OF PHYSICAL QUANTITIES AT SELECTED 
PRESSURES FOR COOL, DENSE MODEL ATMOSPHERE OF JUPITER 






TABLE Vni-4. VALUES AT SELECTED PRESSURES FOR WARM, 
EXTENDED MODEL ATMOSPHERE OF JUPITER 
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Figure VIII-2. Pressure versus density and cloud masses at cloud bases 
for the Jupiter model atmospheres [ VIII-3] , 
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COOL MODEL 



Igure VIII-5. Density versus altitude and cloud masses at cloud bases 
for the Jupiter model atmospheres [Vin-3] • 
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The artificial Jupiter longitude measurement system in which the meridian 
at 96 9 58 is directed toward the earth at 0^ Universal Time on 14 July 
1897 and has prograde rotation with angular velocity of 870. 27 deg/ 
day. It is applied to the analysis of optical observations at mid-latitudes. 
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Table VHI-5, and temperatures range down to 3 K. The wavelength of 
interest determines which of the radiation sources listed in Table VIII-5 
should be considered. Figure VIII-6 shows the geometric albedo p and 
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BRIGHTNESS TEMPERATURE, T 
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brightness temperature T as fvinctions of the wavelength. In Table 

BD 

Vni-5, the quantity D is the approximate pathlength of the line of sight 
through the schematic synchrotron emission volume shown in Figure VIII-7. 
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m addition, Jupiter’s satellites and the other planets consutuie 
light sources, but their fluxes near Jupiter are minor compared to the sources 
listed in Table VIII-5. Their positions are published annually in the American 
Ephemeris and Nautical Almanac [ VIII-16] , and their visual magnitudes and 

and colors are specified by 
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TABLE Vm-6. (Concluded) 
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TABLE Vm-7. THERMAL RADIATION PARAMETERS BELOW 
THE TROPOPAUSE IN JUPITER'S ATMOSPHERE 
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TABLE VIII-8. OBSERVED GEOMETRIC ALBEDOS FOR JUPITER 
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BRIGHTNESS TEMPERATURE, T 



GEOMETRIC ALBEDO (p) 
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XII presented in Table VIII-9 are derived from the relationships 


J 


LO 

eg 

I 

00 




;T9»8jOT 

jzfrS X 1 

Z 

fZ 

OST 062 

T89 

nx 

jTg *8fOT 

X L 

Z 

8T 

89=F 8T8 

869 

rx 

jT9*8iOT 

\z^Z X It 

Z 

88 

08T^ 088 

99L 

XI 


^z^Z X 8 

Z 

88 

002T 008 

LZL 

niA 

itstOT 

l:^ZXL 

8 

68 

88^ f9T 

89 8 

X 

T=F6T®T 

l^z X OT 

8 

88 

82T ?-9T 

098 

HA 

TTS ‘izOT 

jzf:Z ^ Oii 

8 

68 

S2=F T9T 

TS8 

lA 

sjOT X (8'OT 9*6) 


8 

0 

98*98 

20689 *9T 

(OJSTXXBO) AI 

SjOT X (S-QT S*9T) 

00^’T 0092 

TT 

0 

66 -fj 

SS^-ST 'L 

(apaxu^uBO) ni 

SjOT X (T -Q^ L‘f) 

OOTT OSST 

ff 

0 

968*6 

8TTSS*8 

(Bdojng) II 

SjOT X 9'OT s*i) 

09T=F 008T 

LT 

0 

S06*S 

^'T69i,’T 

(oi) I 


^:p2 X OOT 

9Z 

f *0 

80 ’OT 683*2 

86?'*0 

(BaqiiBtnv) A 

(3) 

u 

]A[ ‘ss-BiM 

u 

H ‘smpBH 

(S/UDJ) 

psodg 

\vmxo 

(3ap) 

opr4i:^'BT; 

otj:^u0o 

-TAOf UinUITXBH 

c 

('H JO TipBo:) 

jojidnf inojj 

0OUBJS1Q JO oSu'BH 

(sAbp) 

pOTJ[0(J 

TBjiqjO 

0jin0;Bs 


saimaxvs Siaaxidnr ao saixaadoad: ‘e-niA aaavx 




































J 


1— H 

B 

d 

0 

0 

LO 

CO 

0 

'o 

• Pm| 

CO 

CO 

4-^ 


d 

p 

d 

© 

• fm4 

T3 

c3 

CL 

> 

d 

© 

CO 

u 

t+-c 

^-1 

0 

u 

0 


© 

d 

0 

P 

© 

4-J 

♦r-< 

!z; 

© 


a 

S 

© 

jd 

«+H 

d 

•"D 

d 

'0 

> 

0 

n 


CO 

<-a 

•pH 

d 

© 


0 

u 

f-3 

• r-l 

4-^ 

© 

4-^ 

P 

•r-< 

d 

© 

CO 

0 

© 

a 

a 

0 

p 

2 

© 

(H 

d P 


s 

4-> 

d 

S c 

a 

'o 

d 

d 


> 

© 

03 

d 

j=J ^ 

4-> 

0 

.3 

'T 

. *' c 


X3 

bo 

0 

n—? 

4-> 

.pH 

© 


Q 4 ^ 


Q) 


0 

a 

4J 

© 

u 


pQ 

a 

© 

CO 

T3 

CO 


0 


CL 

d 


•pH 

© 




<D 

<^o CQ 
> ^ 

^ O 

d 

H 


^ f , I— I 

T3 T3 ra 
O CD ?H 

.pH ^ 0 

3 o jSJ 

Co 0 pcj 
CQ ^ 

C!j +3 T3 

•S T3 J 

S ,S “ 
g 'O 0 ) 
^ e 3 bO 
^ g bB 

5 a s 


fl g 

0) (1) ^ 
d > 

O *S) "ft 

- 2 § 

a'B 

^ -j ^ 

Q Co 0 

PI ^ 
+J O ^ 
^ -rt ^ 

§1 g 

g s I 

03 jp r: 

m ° 
^ 0) 
Itl *»^ Tl 

»-D ^ bJ) 
^ Q PI 
cJ o 

•^00 
© ^ 


o ^ 

- 8 

© Pi 

=S 

•3 I 

Q g 

O .2 


o > l 

P cj 5 

O P ? 

© blD 


O 

CO M 


p::5 t» 

^ s 

d S 


c. CM 

a X 

d LO 


XJ *pf 
© CQ 

© Pi 

CL © 
W T3 


W) CQ 

.pH .pH I-H 

-s 

' a 

^ 3 CQ 

§ ^ 03 
” 

© CQ ^ 

^ d Kn 
m © •'^ 

' ^ > 0) 

2 l:S 

O «M 0 
T3 O o 


o w aJ 

tH CQ _ 
^ CQ 
pf 5 CQ 

S) s 

O ^ d 
d^ bJ) 

•2 "5"’^ 
ft _§ ? 



rH 

<M ^ 

<N 0 

00 

• 

00 

1> ^ 

• 

rH 

• 

tH 

0 ^ 

• 

• 

• 

00 

00 

CO 


>. PL 

p « ^::;1 

c^J A 


The average particle velocity relative to Jupiter is taken here as the 
orbital velocity (40 km/s at R/Rj = which is distinct from the escape 

velocity given in Reference Vni-17. 
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abundant particle kinds at times near minimum solar activity. This spectrum 
can be approximated by the following expression for the flux of particles with 
kinetic energy greater than E: 
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8.1.10.1 Jupiter Constant [VIII -3] 



The gravitational potential function can be expressed as 
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include helium and other elements listed in Table VEI-i. Theoretical models 
of the interior have been constructed by DeMarcus and refined by Feeble; 
thermal effects are included in Reference VIII-3. The models suggest the 
following probable conclusions: 
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9.7 Satellites 

Table IX-1 is a summary of data for the satellites of Saturn. Titan is 
the only satellite in the solar system to have an atmosphere recognized by Kuiper 
in his spectroscopic studies. 
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APPENDIX A. SOLAR CYCLE PREDICTION TECHNIQUE 
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A. 1 Input Data 

The input to the program includes the Zurich smooth sunspot numr 
bers for cycles 1 through 20 and as many values in the 21st cycle as are 
available. These values were obtained by the Zurich smoothing method 
described in the following equation: 
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A. 2 Computational Procedure 

Let R.. denote the smoothed Zurich sunspot number for the ith cycle 
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where 


The values in the nth cycle that are to be used in the prediction are 
included in the following lx (m - m ) matrix: 
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The term RZ is the Zurich-smoothed relative sunspot numbers and 
F is the 10. 7-cm solar flux. The geomagnetic index, Kp, is obtained from 
the following equations: If F ^ 130, 
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APPENDIX B. NEUTRAL ATMOSPHERE MODELS 
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Figures B-3 and B-4 after Jacchia [B-1] . When the short -period oscillations 
which are caused by the diurnal variation are removed, there is essentially 
an 11 year variation that parallels the smoothed 10. 7 cm solar flux data. 
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Figure B-5, after Jacchia [B-1], shows some of the variations in 
greater detail. The variations with a 27 day period are caused by the sun's 
rotation — the active-region component. The semi^nual variation can also 



Figure B-5. Densities obtained from the drag of the Explorer 1 
satellite compared with variations in the 10. 7 cm solar flux. 


Analyses of satellite orbital decay histories have shown that upper 
atmospheric densities reach a maximum around 2 p. m. local solar time at a 
latitude approximately equal to that of the subsolar point while the minimum 
occurs between 3 and 4 a.m. at about the same latitude in the opposite hemis- 
phere. Consistency between temperature and density cannot be achieved on 




EXOSPHERIC TEMPERATURE DISTRIBUTION AT THE EQUINOXES 



EXOSPHERIC TEMPERATURE DISTRIBUTION AT NORTHERN SUMMER SOLSTICE 




NOVEMBER 30,1967 



Figure B-7. Atmospheric temperatures obtained on November 30, 1967, 
by Carru and Waldteufel [B-7] by use of Thomson-scatter techniques, 
compared with temperatures predicted by the present models 
for a height of 300 km (solid line) . 
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B. 1.5 Seasonal- Latitudinal Variations of the Lower Thermosphere 
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Figure B-9. The geomagnetic effect as derived from the drag of six satellites 
in May and June 1967. [The plotted ATs are temperature residuals from 
the models when all variations except the geomagnetic effect have been taken 
into account. M.J.D. is the Modified Julian Day (J.D. minus 2 400 000. 5). ] 




Experimental results have shown a strong increase of helium above 
the winter pole. The mechanism for this migration is unclear; however, 
empirical equations which describe the phenomenon are included in the models. 
These variations influence the computed densities only at heights above approxi- 
mately 600 km (Fig. B-10). 
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been observed at all latitudes. Their vertical wavelengths apparently increase 
with altitude. Density increases on the order of 100 percent have been observed 



to occur over short distances [B-10], The waves apparently propagate from 
either south to north or north to south with maximum horizontal wavelengths 
on the order of 500 to 700 km. Although current models do not include varia- 
tions associated with internally propagating waves, users should be cautioned 
that they have been observed. 
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and distributed by the Space Sciences Laboratory will be used as inputs to the 
model. This model is a combination of the 4-D Model Atmosphere, the Groves 
Model, and the Jacchia 1970 [B-11] Atmosphere model. It provides continuous 
density, temperature and composition data from the surface to 2500 km for 



analyses requiilng these data. Copies of the computer program for tiiis model 
are available upon request to the Space Sciences Laboratory, MSFC. A com- 
puterized simplified version of the Jacchia 1970 atmosphere model is available 
upon request from the Space Sciences Laboratory. 
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APPENDIX C. A PRELIMINARY SUMMARY OF THE MSFC 
PLANETARY ATMOSPHERE COMPUTER PROGRAM 
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1000 km geopotential height from flie surface temperature (T ) and the 

o 

computed lapse rate (L ) . 



Molecvilar weight values are computed for each km from 1 
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999, 1000 — (T,, J . , = (T- .) for first computation. 


Atmospheric pressure (discussed later in this appendix! 




Computations for Each km from 0 to 1000 km Geometric 
Altitude 



Using kinetic temperatures j cornputed at geopoten- 
tial height levels, kinetic temperatures are interpolated for each km of 
geometric altitude and denoted as (T ) . . 


Molecular weight values are similarly interpolated for 
each kilometer of geometric altitude and denoted by M. . 
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Most probable air-particle speed 
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Atmospheric mean free path 
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molecular weight is constant and that the temperature is isothermal over the 
computation interval* The computation interval is considered as 1 km in this 

report, but the computer program is designed so that the size of this interval 
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APPENDIX D. GLOSSARY 



onomical Unit (AU) — The semimajor axis of the earth’s orbit about the 
sun approximately; Gurnette and Woolley provide a more precise definition; 
a modem value cited by Melbourne et al. is 1 AU = 1. 49597893 x 10® ± 5 km. 




>metric — Characteristic of an infinite bandwidth, and including electro- 
magnetic radiation at all frequencies (or wavelengths) and polailzations. 
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ing an object is associated with the disk of that object; for Saturn the disk 
brightness temperature may include a contribution from the rings (thermal) 
and/or radiation belts (non-thermal) . 
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Resonance — Orbital resonance occurs when the ratio of the orbital frequency 
to the rotational frequency equals the ratio of two integers; for Mercury 
this ratio is 2/3 and results in periodic repetition of a given geometric 



Seeing — A term used by astronomers to describe the visual appearance of a 
star or planet as affected by atmospheric conditions. 


Solar Constant ~ The amount of radiant energy received from the sun at the 

upper limits of ihe planet’s atmosphere per unit time and unit surface area. 
(The solar "constant" actually varies slightly with time. Values quoted 
are estimates of the average value over the time interval of interest. ) 
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